ABSTRACT Mortality among workers in the Finnish pulp and paper industry was evaluated in a retrospective cohort study of 3520 workers who had been employed continuously for at least one year between 1945 and 1961. Six subcohorts were formed according to six work areas: sulphite, sulphate, paper, and board mills, maintenance department, and power plant. National mortality rates were used for comparison. The mortality of a cohort of 1290 sawmill workers was also studied in order to have a socially, geographically, and occupationally similar group without the exposures typical of the pulp and paper industry for comparison. Smoking habits were surveyed. Mortality was followed up until 31 December 1981. Overall mortality for the entire cohort did not differ from that expected (1044 obs, 1029-4 exp, SMR 101), but there was an excess of deaths from diseases of the circulatory system among the men (489 obs, 404 9 exp, SMR 121). This was due to the excess of deaths from ischaemic heart disease found among the men at the sulphite, sulphate, and paper mills, maintenance department, and power plant, but not at the sawmill. The existing smoking data did not explain this finding and it may therefore be associated with occupational exposures.
There is limited information on the mortality of pulp and paper workers despite the significance of this industry to the economy of many countries. In Finland 44000 workers were employed in the pulp and paper industry in 1982.' In the United States the number of production workers in the industry was more than 540 000 in 19792 and in the United Kingdom it was 39000 in 198 . 3 Published studies have shown an increased risk of neoplasms of the lymphatic system48 and also excesses of some other malignancies, especially lung cancer.9"-Although potential carcinogens are used in the pulp and paper industry,"2 the epidemiological data are as yet insufficient to evaluate the cancer risk of working in the industry. There is also a scarcity of information on deaths from other causes. In a follow up study of 271 pulp and paper workers a slight increase in overall mortality was found among the paper workers.13
A recent proportionate mortality study, conducted using the death records of 2113 members of a pulp and paper union, showed significant excesses of deaths due to cancer of the stomach, circulatory diseases, and accidents.'4 It is hard to find an exposure to explain all these findings. The number of chemicals used in this industry, however, is so great that at least some of the excess mortality may have a recognisable Accepted 11 August 1986 cause at the workplace. One group of substances that is interesting on theoretical grounds is sulphur compounds."5 The present study was designed primarily to establish the risk of cancer among workers in the Finnish pulp and paper industry. At the same time it provided an opportunity to investigate the mortality of this group from causes other than cancer and the results are presented here.
Materials and methods
The material consisted of the workers at three pulp and paper mills owned by the same company in the province of Kymi in south eastern Finland. Two mills used the alkaline or sulphate pulping process and were still in operation. The third mill, in operation from 1910 to 1962, had used the acidic or sulphite pulping process.
The workers were grouped into six subcohorts by work area: (1) sulphite mill, (2) sulphate mill, (3) paper mill, (4) board mill, (5) maintenance department, and (6) power plant. The six subcohorts have characteristic exposures (tables 1 and 2). Although the processes had been slightly modified, pulp, paper, and board were made in basically the same way throughout the study period.
The workers at a sawmill owned by the same company and located in the same province were included in the study to establish if mortality differed between A mortality study of Finnish pulp and paper workers workers in the chemical wood processing and mechanical wood processing industries. The workers at the sawmill were not completely free from chemical exposure to some familiar compounds, such as chlo- 581 rinated phenols, but they were not exposed to pulp and paper chemicals.'2 Their general living conditions differed little from those of the pulp and paper workers.
When the study period began (1 January 1945), 1657 of the total of 4810 workers studied (table 3) were employed and working for the company. The study population consisted of all those workers who had been working continuously for at least one year during the study period (1 January 1945 to 31 December 1961). They were grouped into the six subcohorts according to the longest continuous working period in a department belonging to one of the six subcohorts. Some workers had also worked continuously for at least one year in departments belonging to other subcohorts and these working periods were added to the follow up years of the corresponding subcohorts. This is a routine method applied by the Finnish Cancer Registry.16 17 Workers who had not been exposed to actual process conditions were excluded from the study.
The basic source of the data was the company employment files, where all changes ofjob or foremen for each of the approximately 50000 workers were recorded. These permanent files were up to date, which was verified by checking the material against the employer statistics of the company. It was, therefore, possible to exclude from the study population all those who had worked, even for a short period, outside their regular working environment in the company. This was done in order to have well defined exposures. The personal data, including the follow up for death by 31 December 1981, were confirmed from the National Population Register and, when necessary, in local population registers. Retirement or changes ofjob did not affect the follow up. The cause of death was retrieved through the Central Statistical Office. Information was also obtained from Statistics Sweden and from the authorities in Norway, Denmark, Canada, and Australia.
All members of the cohorts were identified. The follow up was complete for all those who were still living, for those who had died in Finland, and for most of those who had emigrated. At the end of 1981, 3289 workers were alive and 1505 dead; 16 (0-3%) were lost to follow up because they had left Finland for places with inadequate registries.
The person-years were calculated until death, the closing date of the study (31 December 1981), or (for the 16 cases lost to follow up) the date of emigration. Based on the follow up, those with a follow up time of 0-5 years and those with a follow up time of more than five years were analysed separately. This was done because five years is probably too short as a latency time for occupational cancer and also in a group of short follow up factors related to previous 582 exposures other than pulp and paper work would be expected to have their maximum effect.
The expected numbers of deaths, calculated by five year age groups and five year calendar periods, were calculated for all main classes of the 8th revision of the International Classification of Diseases (except for classes XI, XIV, and XV) and for two specific causes of death: ischaemic heart disease (ICD [410] [411] [412] [413] [414] and stomach and duodenal ulcers (ICD 531-532). 18 The latter were of interest because a higher frequency of gastrointestinal symptoms has been reported among shift workers-for example, by Angersbach et al'9-and the subjects in this study worked mostly in three shifts. The general Finnish population was used as reference. The age, sex, and calendar period specific numbers of person-years at risk in each subcohort were multiplied by the corresponding mortality rates. Standardised mortality Jappinen ratios were obtained as the ratios of the observed to the expected numbers of cases. The Poisson distribution was used when testing fQr the statistical significance of the differences between the observed and expected numbers of deaths and when calculating the 95% confidence intervals for SMRs.
Smoking causes both lung cancer and ischaemic heart disease and is a major potential confounder when studying the association between occupational factors and these diseases. Information about smoking habits was, therefore, requested from a stratified random sample of the study population, especially for 1956. 20 Nineteen fifty six was selected because it was the year that Karvonen et al had studied the prevalence of cigarette smoking in a Finnish population,2' it was conveniently in the middle of the study period, and there had been a general strike, clearly remembered by most people, in Finland that year. A total of In the sulphite mill subcohort (table 5) there was an excess of deaths from ischaemic heart disease and from (non-malignant) diseases of the respiratory system for the men, but the figures were without statistical significance. The men showed a deficit of deaths from infective and parasitic diseases (1 obs, 6-1 exp, SMR 16, p < 0-05). In the sulphate mill subcohort (table 5) the men showed a pronounced excess of deaths from diseases of the circulatory system (143 obs, 102-1 exp, SMR 140, p < 0-01), mainly owing to deaths from ischaemic heart disease (96 obs, 67-6 exp, SMR 142, p < 0-01). In the paper mill subcohort (table 6) the men showed non-significant excesses of deaths from diseases of the circulatory system and from ischaemic heart disease and a statistically significant deficit of deaths from non-malignant respiratory diseases (0 obs, 5-6 exp, p < 0-01).
Among the board mill workers (table 6) there were no pronounced excesses or deficits for the men. In the maintenance department subcohort (table 7) there were 170 observed deaths from ischaemic heart disease for the men as against 143-7 expected (SMR 118, p < 0-05). In the power plant subcohort (table 7) there was a pronounced excess of deaths from diseases of the circulatory system for the men (93 obs, Jappinen 64-2 exp, SMR 145, p < 0.01), mainly because of an excess of deaths from ischaemic heart disease (67 obs, 42-5 exp, SMR 158, p <0-01).
For the women in the sulphite mill and board mill subcohorts there was a slight excess of deaths from diseases of the circulatory system owing to deaths from ischaemic heart disease. The observed numbers of all deaths for the women did not differ greatly from those expected in any of the subcohorts (table 8) . There were no pronounced changes among the men or women in the mortality pattern by follow up time in any of the subcohorts.
The mortality rates in the sawmill reference cohort (table 9) differed in some respects from those among the pulp and paper workers. In the sawmill cohort the observed number of all deaths among the men (n = 320) was considerably lower (SMR 85, p < 0.01) than that expected (n = 378-4), nor was there an excess of deaths from diseases of the circulatory sys- tem or from ischaemic heart disease. There was a slight increase in deaths from ischaemic heart disease among the women in the sawmill cohort and a significant deficit of deaths from infective and parasitic diseases among both sexes (men: 5 obs, 18-9 exp, SMR 26, p < 0-01; women: 0 obs, 6-1 exp, p < 0-01).
A more conspicuous deficit of deaths from nonmalignant diseases of the respiratory system was noted among the men in the sawmill cohort (16 obs, 27-3 exp, SMR 59, p < 0-05) than among the pulp and paper workers. women) showed that changes in smoking habits had not been as pronounced in the sawmill cohort as among the pulp and paper workers.
Discussion
Because of the multiple comparisons made in studies such as this, single statistically significant findings should be interpreted with caution. The slight excess of deaths from all causes among the men of the total pulp and paper cohort is noteworthy since mortality among industrial cohorts is usually below the expected level because of the "healthy worker effect." In the present study, however, two factors suggest a comparatively low healthy worker effect. Firstly, those who had left their jobs were also followed up and, secondly, the follow up period was relatively long. The excess total mortality may be attributed largely to the excess number of deaths from diseases of the circulatory system, and especially from ischaemic heart disease, that was found among the men of the total pulp and paper cohort. This excess was apparent among the men of the sulphite, sulphate, and paper mills, maintenance department, and power plant subcohorts but not in the sawmill cohort. The excess risk of coronary heart disease was most prominent in the power plant subcohort (SMR 158). The power plant departments of sulphate pulp mills include evaporation plants and recovery boilers, with 586 hydrogen sulphide concentrations of up to 20 ppm and methyl mercaptan concentrations of up to 5 ppm. 22 Regional differences have been observed in death from ischaemic heart disease in Finland, the highest rates being in the east and the lowest in the south west. The mortality from ischaemic heart disease has been somewhat higher in the province of Kymi (age standardised annual mortality rate for men aged 35 to 64 per 100 000 in 1969:540) than in the western part of the country (in the province of Turku and Pori the annual rate in 1969 was 365) but considerably lower than in North Karelia, where coronary mortality rates are high (annual rate in 1969:688).23-25 The fact that there was not an excess of deaths from diseases of the circulatory system or from ischaemic heart disease among the men of the sawmill cohort suggests that regional differences probably do not explain the excesses of these deaths among the pulp and paper workers.
Nevertheless, several confounders may also be implicated. The proportion of smokers among the men in the sulphate mill subcohort in the present study was higher (80%) than in the other subcohorts, a finding that may partly explain the excess of cardiovascular deaths in this subcohort. Nevertheless, the proportions of smokers among men in other subcohorts with similar excesses ofcardiovascular deaths did differ greatly from either the average in the pulp and paper cohort or from the proportion of smokers among Finnish men in general.2'26 The smoking figures presented by Karvonen et at21 are, however, not directly comparable with those in the present study. They recorded a prevalence of 72 5% for cigarette smoking among men aged 20-59 years in rural east Finland. Recall bias is probable in a survey on smoking habits 25 years ago, especially in the relatives of dead workers. The response rate for them was from 58 2% to 96-7% in different subcohorts and no workers in the survey had died without any living relatives. The response rate for workers still alive ranged from 82-3% to 94-2% in different subcohorts. So the reply percentage must be considered as satisfactory and as such not a cause of concern. Unfortunately, it is impossible to estimate what the effect or even the direction of the recall bias would be. In the case of a positive finding as in the present study underestimation of smoking habits would tend to cause a spurious association with work. The recall bias, however, is unlikely to be so great that it would change the direction of the results. The possible confounding effect of smoking is discussed in more detail in a separate paper.27 Despite the possible recall bias, it seems unlikely that the excess mortality may be attributed solely to differences in smoking habits.
Jappinen
Only rather scanty information was available on the serum cholesterol values or blood pressure levels among the study population during the 1950s and 1960s, but the records kept in occupational health departments in more recent years do not give any reason to assume that these risk factors of coronary disease differed greatly between the study group and the general population.
Sulphur compounds are the most common of the aetiological agents that may affect exposed workers in the work environment of the pulp and paper mills under study. The possible role of gaseous sulphur compounds, especially the hydrogen sulphide present in sulphate mills,22 in the pathogenesis of coronary heart disease has still not been established. Nevertheless, hydrogen sulphide at higher concentrations is known to affect the heart frequency and cause changes in the ECG. 15 An excess of deaths from circulatory diseases has been reported in a proportionate mortality study14 but not in a follow up study on 271 pulp and paper workers. '3 The deficit of deaths from infective and parasitic diseases found in the pulp and paper cohort and in all the subcohorts is probably due mainly to the high standard of living among the employees and to the organised occupational health care. Probably also healthier people are selected for the industry, although the magnitude of this effect is not known. The deficit of deaths from diseases of the respiratory system found among the men in this study was consistent with that reported earlier,'4 although there were excesses of these deaths, possibly related to harmful agents in the ambient air, in the sulphite mill and sulphate mill subcohorts.
The present study did not find an excess of total deaths from accidents, poisonings, or violence, as reported in an earlier study.14 There was a deficit of deaths from stomach and duodenal ulcers, especially for men. In contrast to data reported earlier,'4 there were fewer deaths from cancer than expected in the pulp and paper cohort. A separate cancer incidence study conducted on the same cohorts as in the present mortality study showed no excess risk of primary cancer in general but an excess risk of lung cancer among board mill workers in particular (40 obs, 18-1 exp, SIR 222) (the results will be published separately).
The principal finding of the present study was that there was an excess of deaths from diseases of the circulatory system and especially from ischaemic heart disease among the men in the total pulp and paper cohort, originating from the sulphite, sulphate, and paper mill, maintenance department, and power plant subcohorts. All these groups are exposed to gaseous sulphur compounds and some theories have been proposed for the possible aetiological role of
